Abstract
Introduction
Investments in software process improvement can yield great benefits in the form of higher product quality and reduced effort to produce them. Implementation of a process improvement strategy is not straightforward, however. Concrete guidelines and procedures are needed for successful execution of an improvement program. Especially in smaller companies quality assurance and improvement resources have to be targeted carefully to the most important parts of the entire software process. [3, 4] Software process improvement effort can be focused to gain better results when resources are limited. According to [14] , software inspections provide the highest return of investment factor amongst the most common methods.
Software inspection is a powerful method for detecting defects in software products at early stages of the development cycle. [6, 8] According to [14] , software inspections provide the highest return of investment factor amongst the most common quality assurance methods. Although the importance of inspection method is widely recognized, it does not possess particularly significant status in software process improvement models. Bootstrap and SPICE, for example, define the inspection process as a supporting activity, not as a process of its own. This paper introduces process improvement patterns for software inspection. Companies that desire to improve their processes often lack adequate knowledge to implement the improvement efficiently [4] . Patterns are concrete and manageable descriptions of improvement actions needed in various situations.
The usefulness of these patterns was tested in an experiment, in which the inspection process of a small software company was upgraded using the patterns. The experiment was an action research, in which data was gathered by means of log keeping, interviews and observations, as suggested in [2] .
The inspection process was first evaluated with the i3 capability model [19] . Based on the results of the evaluation, an improvement strategy was decided using the initial process improvement pattern catalogue. The aim of the research was to find out to what degree the pattern catalogue could support the selection and operation of the improvement strategy.
The rest of this paper is structured as follows: Section two describes the i3 software inspection process capability model, section three introduces the improvement patterns, in section four the experiment is depicted and section five summarizes the work and outlines some future directions.
Inspection process capability and improvement
Preparing a company's quality assurance system to fully conform standards such as Bootstrap [11] , SPICE [5] or CMM [13] can require considerable effort, and selection of the software process improvement approach should be based on the company's business needs [12, 17] . As reviews and inspections are essential methods to achieve high quality, it is reasonable to pay particular attention to these processes and their improvement, especially in small companies. However, process improvement is as important in small companies as it is in larger ones. The problem is that general improvement models involve lots of SPI data, which is unstructured and hard to manage. Improvement also requires a great deal of resources. [18] In all software process improvement strategies, a formal process assessment establishes the foundation of future improvement actions and helps to determine schedules, costs and resources for the improvement [17] . Thus, assessment enables both determination of the process capability and process improvement. For example, [10] and [20] provide good general overviews of software process assessments.
The i3 model is based on the ideas and structure of the Bootstrap methodology [11] . The model forms the basis for the software inspection process assessment by defining the process as precisely as possible.
Inspection is traditionally defined in terms of steps such as entry, planning, kick-off meeting, individual inspection, logging (inspection) meeting, edit, follow-up, exit and release [6, 9] . These steps form the structure of a complete inspection process for the i3 reference model. The i3 model is composed of activities and indicators as basic components. Corresponding Bootstrap terminology would refer to these as base practices and work products.
In the i3 model, the concept of a base practice is enhanced to include organisational and supporting activities. The core set of activities (or base practices in Bootstrap terminology) has been determined by six vital goals of reviews and inspections: (1) to identify defects in an artefact, (2) to estimate the quality of an artefact, (3) to improve product quality, (4) to provide data for process improvement, (5) to provide the means for knowledge transfer, and (6) to improve the effectiveness of the development process. These practices can be classified into three groups (cf. Figure 1 ): organisational activities (at the top), that ensure continuous improvement and efficient organisation of the inspection process, the core set of activities (the middle bar), that are the essence of any implementation of the inspection process (as defined in inspection books, e.g. [9] ), and supporting activities (at the bottom), that help in carrying out an instance of the inspection process. Each activity is illustrated as an oval in the figure.
The organizational activities are: P.1. Establish and improve the inspection process, P.2. Organise the inspection and P.3. Train participants. Work products, reports and other material related to these activities are represented in the figure by arrows. The core activities are P.7. Check the preconditions for inspection, P.8. Plan the inspection, P.9. Find issues in the artefact, P.10. Categorise defects, P.11. Make corrections and P.12. Conclude the inspection. Finally, the supporting activities are P.4. Support with computer tools, P.5. Maintain rules and checklists and P.6. Refine information.
Flows, depicted as arrows in the figure, connecting the activities are called indicators. They are documents or other types of inputs and outputs for the activities. These are called indicators, as they indicate if an activity has been carried out. For example, if an issue list has been produced during the inspection, P.9 probably exists. On the other hand, if issue list do not exist, P.10 is not possible. There are 29 indicators in the model, which are also originated from the inspection literature and our own research on software inspections.
Each indicator in the model is given an estimate in an assessment interview. Each indicator typically has influence on several activities, and the final score of the organization's inspection process capability is determined by a matrix that maps the indicators and activities. The results are represented in graphical form. A more detailed description of the model can be found in [19] .
As reported in [19] , the capability model has been used in the evaluation of inspection process in total of five software companies, and refinements to the model has been made based on those experiences. In the experiments, company representatives were keen to discuss the potential improvement actions already during the assessment meetings. For this purpose, concrete guidelines and suggestions for improvement actions have to be at hand immediately after the assessment.
Inspection improvement patterns
Patterns describe general solutions for frequent problems. In software engineering, design patterns for object-oriented development have been widely used and recognized as a valuable add-on in program design and implementation. [7] In addition, patterns have been applied to software processes. For example, [1] represents patterns for software process improvement to overcome some typical difficulties in improvement efforts. In [16] , patterns are applied to capture and refine the software engineering knowledge into reusable form.
Acknowledged software process improvement models describe the structures that are needed to achieve higher process quality, but give few details about the implementation of the improvement actions. [4] Usually organizations desire simple and definite instructions for achieving the improvement. Pattern approach provides a solution for this.
According to the experiments and evaluations that have been made with the i3 capability model, inadequacies in software inspection processes are often similar in distinct organizations. In addition, elements and features for the inspection improvement patterns have been extracted from related inspection literature and research [15] .
Improvement patterns for software inspection process are introduced for straightforward implementation of improvement actions. The patterns are intended to be well-defined action lists that are easy to understand and follow.
There are two equally important parts in the inspection process improvement. First, the current status of the inspection process has to be assessed. Secondly, steps that will upgrade the process to a higher maturity level have to be defined.
The assessment is performed using i3 capability model and the indicator list. The assessment is based on interviews, in which documentation and other proofs suggesting that certain activities have taken place during inspections are discussed. As a result of this evaluation, a profile describing the capability of each activity is created, and put together these estimates give overall view of the process as a whole.
After the evaluation, diverse approaches can be taken to actually achieve the process improvement. First, one can go through the indicator list once more, placing emphasis on the indicators with low scores. It is useful to have an expert to aid in this procedure, as the meaning and implications of an individual indicator may go further than the name of the indicator implies. For example, indicator tools have to be interpreted in a different way depending on the situation. Sometimes a comprehensive groupware package is needed, sometimes paper forms and templates are sufficient. Even though the indicators are rated according to their importance for the organization, defining improvement steps requires deep understanding of the inspection process. Improvement actions are often derived from outside experiences or generic inspection references, such as Gilb's tip list [8] . If the definition of improvement actions seems complicated, improvement patterns can be taken advantage of.
Inspection improvement patterns are pre-defined lists of guides and procedures of the most typical action points to achieve process improvement. Each pattern defines an unambiguous goal for the inspection process upgrading. The purpose of the pattern catalogue is to aid the assessor and the company representatives to focus the improvement activities on the most crucial parts of the process.
Utilization of patterns in the inspection improvement is demonstrated in Figure 2 . The current status of the inspection process within the company is determined in the assessment phase. Usually the assessment reveals certain weak points in the inspection process, and it is natural to address those first when starting the improvement effort. However, it is important that the overall focus is set to fit the individual needs of the company.
The three highlighted procedures illustrate the pattern approach. Patterns describe most typical high-level improvement goals (such as finding defects earlier during the development). The profile that results from the assessment shows the most critical activities that need to be addressed in the improvement.
Setting the general improvement goal for the improvement can be based on the assessment report or common sense. If particular problems are uncovered during the assessment interviews, these can direct the goal setting. The most straightforward method to determine suitable objectives is to read through the symptoms in the improvement pattern descriptions. After determining the main goal, the most suitable patterns for the situation can be selected from the pattern catalogue.
Currently, there are seven patterns in the catalogue. For each pattern, the following characteristics are defined:
Purpose of the pattern describes how the inspection process is enhanced, if the pattern is used.
Symptoms section presents a variety of problems and difficulties. If these have been encountered during inspections, the pattern may be suitable for the situation.
Possible reasons for the problems are listed. Activities related to the pattern are listed. Action list represents a strategy to solve the problems. The procedures are derived from activities and indicators in the i3 model.
When using the patterns, one should first search through the symptoms sections of the pattern descriptions and look for items that seem recognizable. Finally, prioritization of the actions is beneficial, as it is not necessary to carry out all procedures in the action listfor example, particular items can be already taken care of. After it is clear what has to be done, the process owner implements determined actions.
The patterns in the catalogue are represented in table 1. The left-hand column shows a short name for each pattern and the right-hand column describes the purpose of the pattern very briefly. Table 1 . Inspection improvement patterns.
Pattern name
The main goal of the pattern Greed Aims at finding more defects during inspections.
Early bird Aims at finding defects at earlier stages of development.
Substance
Aims at finding more serious defects in inspections.
Comfort
Aims at making the inspection process easier to run.
Promotion
Aims at promoting the process so that it is carried out more often and in larger number of projects.
Wisdom
Aims at more understandable, transparent and effective inspection process.
Precision
Aims at making the process more rigorous, thus making it more effective.
Assessment
Determining
Implementing improvement actions

Priorization of improvements
The list of patterns is not exhaustive. Additional patterns can be created as needed. Patterns provided in this table address some of the most usual deficiencies concerning inspections.
In the following patterns are illustrated with an example. Parts of the pattern description are shortened to save space.
Pattern example: Early bird
The objective of the Early bird pattern is to adjust the inspection process to be able to reveal defects as early stages as possible during the development. The pattern description is presented in the following:
Purpose Finding defects in earlier phases of development cycle. Solution to the typical problem of uncovering defects too late can be achieved by addressing organizational and planning issues of the inspection process, as well as paying attention to checklist usage. Ensuring that corrections are made after each inspection is important. The action point list of the Early bird pattern includes 37 items in total. They are derived from definitions of the related activities and described as simple, viable steps. Symptoms • Defects revealed in inspections are very serious and difficult to fix.
• A lot more errors are found in testing than in inspections.
• Releases are postponed due to error-fixing activities.
Possible reasons
• Inspections are poorly planned or targeted.
• Checklists do not exist for every phase of development.
• Corrections are not made after inspection.
• Source documents are not used.
• Development rules are not used. 
Related activities
The experiment
To determine the usefulness of the process improvement pattern approach, an action research study was carried out at Buscom Oy. It is a company developing embedded software for public transport domain. It has approximately one hundred employees, mostly young people in their first established post. The company has recently started to improve its quality assurance activities to conform the ISO 9000 standard, and systematic inspection method has been introduced as a new practice. Before the improvement implementation, the capability of the inspection process was evaluated in two interview-based assessments, which pointed out a number of inadequacies.
According to the evaluation, the core set of activities is fairly well established, while supporting practices are almost entirely absent. The resulting process capability profile of the assessment is represented in figure 3 . (For descriptions for the activities, see Figure 1 .)
The most important improvement suggestions should be focused first on core practices and after that on supporting ones, i.e. the company should start with adequate definition of the inspection process and appropriate training. The definition of checklists and guides for defect categorisation would help to improve activities P.5 (Maintain rules and checklists), P.9 (Find issues in the artefact) and P.10 (Categorize defects) in particular, and the training would affect P.3 (Train participants). Activity P.6 (Refine information) had also a low score. The company does not collect measurement data regularly nor does it refine such data into reports for the management, which means that they will have to define the metrics for inspection improvements and the tools and data required for that purpose at a later stage.
Buscom was starting a large project, during which the improvement actions were implemented and introduced to P.1 P.2 P.3 P.4 P.5 P.6 P.7 P.8 P.9 P.10 P.11 P.12 0 the whole organization. High quality was one of the main objectives of the project, and it was required that all written documentation would be submitted for inspection. As there would be several inspections every week, the effectiveness of the process had to be ensured, and for rapid process improvement, the pattern approach was chosen.
The main focus of the improvement was set on the activities P.6, P.5 and P.10. As the activity P.4 (Support with computer tools) scored quite a low result in the assessment, the company decided to enhance their existing reporting tool to enable storing of inspection data. However, the tool would be introduced only after the inspection process was exactly defined and running smoothly.
Selection of the patterns to be applied was done by reading through the purpose, symptoms and related base practices sections of the pattern catalogue. Patterns Substance and Wisdom were considered to be the most appropriate for the company. In the following, brief descriptions of these patterns are given.
Substance
The purpose of the Substance pattern is to adjust the inspection process so that more serious defects would be revealed during inspections.
Symptoms include: • Mainly cosmetic defects are reported in inspections.
• The usefulness of inspections is unclear to the personnel.
• Inspections do not lead to noteworthy rework.
It is possible that inspectors do not have knowledge or courage to report serious issues. The solution concentrates on defect categorization, checklist usage and providing adequate training for the inspectors.
The action list includes a total of 27 entries derived from related base practices. For example:
• Make sure that inspectors initially categorize issues during the individual checking.
• Tailor checklist for different roles.
• Write an inspection tutorial. Make it available for everybody.
Wisdom
The purpose of the Wisdom pattern is to improve the effectiveness of the inspection process by enhancing their understandability.
Symptoms include: • Reports and metrics about inspections do not provide any practical information.
• Performing inspections is considered as an organizational duty.
• Nobody (including participants) really knows why inspections are performed. If the inspection process is not carefully designed and established, it is difficult to motivate people to use the method. Providing adequate and feasible information about past inspections aids in getting the most out of the process.
The action list comprises a total of 26 entries derived from related base practices. For example:
• Define an appropriate set of metrics for both process quality and artefact quality.
• Make sure that issue list is delivered to author in reasonable time.
• Start collecting experience data on defect severities and types. Ensure that lessons learned are recorded actively. The Substance pattern was chosen, as the first symptom (cosmetic defects) was clearly identifiable. Problems listed in the possible reasons section were also recognized. Furthermore, poorly performed activities P.3, P.5 and P.10 were listed in the pattern description.
The Wisdom pattern appeared to be suitable, as two symptoms (unclear usefulness and organizational duty) were clearly recognizable. The list of possible reasons given in the pattern description applied to the situation in the company.
These two patterns were slightly overlapping, as both addressed activities P.10. Furthermore, a portion of the action list in Wisdom pattern considered activity P.11 (Make corrections), which scored satisfactory in the assessment. Thus, those actions were not implemented during the project.
According to the Substance pattern, the inspection process was modified in several ways. The old checklists were examined and a number of them were removed because of negligible use. Remaining checklists were updated and instructions for using them were composed. Furthermore, the role descriptions were updated to include separate roles focusing on functionality, language, general requirements and legal issues.
The company had not arranged inspection training before the experiment. Thus, the most demanding task in the process improvement implementation was the establishment of training material and general instructions for the process. During the material composition other inadequacies were found in the process descriptions, and those were updated as well. As a result, the whole quality system of the company benefits on the modifications.
As suggested in the Wisdom pattern, metrics for both the quality of the process and the quality of the documentation to be inspected were introduced. Determined metrics are quantity of defects classified by defect type, quantity of inspections, number of pages and time used. The metrics data is stored into a database system for later exploitation. The inspection process in the company was supported with Rational ClearQuest tool, which embodies a web-based interface and a database backend to store the inspection data. The toolsupported inspection process is depicted in figure 4 . The process consists of four states. When an inspection is started, all participants are able to comment on the document under inspection. Inspect-state in the figure means the inspection meeting or checking of corrections. When the document is updated according to the inspection results, it is set to state change. Finally, after approval or rejection of the document, the state is set to close. Management, tracking and improvement of the process are in the responsibility of the organization-wide quality assurance function.
After a half year of running, the improved process seems to perform well. There have been certain problems concerning the data-gathering tool, and the motivation of the participants varied during the project. Training increased the motivation clearly, but after four months the problems emerged again. Therefore, training and coaching have to be continuous.
As a consequence of training, metrics program and other improvements, the effort needed to accomplish inspections is decreased 10-20 percent. Detected defects are more serious, and meetings are more effective than before. For example, typing mistakes are not discussed during the meetings, as they previously were.
Even though the improvement patterns are designed to be straightforward to apply, there were certain problems in their utilization. Since the i3 inspection process, on which the patterns are based, is all-inclusive, there is a danger that the resulting process will be burdensome, especially in small companies or projects. Patterns consist of dozens of action items, and some patterns overlap partially. If patterns were more trivial, their exploitation would be easier.
Action list items in the improvement pattern descriptions are presented in inconvenient order. Furthermore, choosing patterns and a subset of actions would be more effortless with some specialist advice. Descriptions and instructions of the patterns have to be enhanced before they can be used without outside help.
There were also a number of problems with the ClearQuest tool. The user interface of the tool was exceedingly complicated, thus making the participants of the inspections frustrated. The process would probably benefit from a tool dedicated to inspection data gathering and reporting.
In the case of Buscom company, the best solution was a combination of several patterns, including exactly the desired improvement actions and nothing more. The combined Buscom pattern is introduced in the following.
Buscom
Purpose
The purpose of this pattern is to stabilize the inspection process in the organization. Symptoms • The inspection process has been recently introduced.
• The motivation and purpose of inspections is unclear for participants.
• Not much information about the efficiency of the inspection process is available.
Possible reasons
• The process description is not up-to-date.
• Checklists are not adequately made use of.
• Defects are not classified and analysed.
• There are no tools to manage the inspection information. • Make a schedule for the improvement.
Related activities
• Evaluate the process.
• Obtain feedback and improvement ideas from the personnel.
• Consult an expert.
• Define defect classification categories.
• Update checklists and create lists for different roles.
• Define metrics to be gathered.
• Establish a procedure for recording metrics.
• Establish a procedure for analysing and reporting inspection data.
• Establish a procedure for recording feedback and improvement suggestions.
• Ensure that inspection process description is up-todate in the quality handbook.
• Name an owner for the process.
• Define relations to other processes.
• Promote inspections.
• Write instructions for the inspection process.
• Evaluate the need for computer tools for the inspection process and employ tools.
• Arrange training for the process and the tools.
Conclusions
Especially in smaller companies, where it can be difficult to find resources for full-scale process improvement programme, concentrating on the most efficient methods, such as inspection, may be beneficial. Even then, concrete guidelines and procedures are needed for successful execution of an improvement program.
The intent of inspection improvement patterns is to combine descriptions of a problem, its context and a solution to it. Patterns representations are quite formal but at the same time they practical and adaptable. Describing software process improvement actions as patterns can make deciding on the concrete improvement implementation tasks easier. The experiment at Buscom implied that the inspection improvement pattern catalogue provide a feasible starting point for carrying out the improvement.
Pattern descriptions need to be slightly refined, however. Concrete examples of the execution of the specific improvement actions are required to fully exploit the patterns. Furthermore, it would be useful to summarize the possible consequences of distinct actions, as using patterns may initiate improvement actions also in other processes. The company, in which the patterns were experimented, process owners, evaluations and activities for continuous improvement, are now under construction. Thus, in addition to the inspection process, the whole software process of the company benefit from the experiment.
The current catalogue of improvement patterns is a good foundation for inspection process improvement, although it is not complete. Experiences from future inspection capability assessments and improvement projects can be captured in patterns, and they can provide valuable knowledge for forthcoming projects.
